Abstract. Brahe actions with chiral bosons present special challenges. Recent progress in the description of the two main examples -the M theory five-brahe and the heterotic string -is described. Also, double dimensional reduction of the M theory five-brahe on K3 is shown to give the heterotic string.
1
The Bosonic Part of the Five-Brane Action
The M theory five-brane action contains a tensor gauge field, which (in linearized approximation) has a self-dual field strength. Ref. Schwarz (1997) analyzed the problem of coupling a 6d self-dual tensor gauge field to a metric field so as to achieve general coordinate invariance. It presented a formulation in which one direction is treated differently from the other five. At the time that work was done, the author knew of no straightforward way to make the general covariance manifest. However, shortly thereafter a paper appeared Pasti et al. (1997a) that presents equivalent results using a manifestly covariant formulation Pasti et al. (1995 Pasti et al. ( ), (1997b , which we refer to as the PST formulation. In the following both approaches and their relationship are described. These results have been generalized to supersymmetric actions with local kappa symmetry ( Bandos et al. (1997) , Aganagic et al. (1997) , Howe et al. (1997) ), but here we will only consider the bosonic theories.
The 1Noncovariant Formulation
Let us denote the 6d (world volume) coordinates by q~ = (~r', ~5), where = 0, 1, 2, 3, 4. The a 5 direction is singled out as the one that will be treated differently from the other five. (This is a space-like direction, but one could also choose a time-like one.) The 6d metric G~ contains 5d pieces Gu~ , Gu5, and G55. All formulas will be written with manifest 5d general coordinate invariance. As in refs. Perry and Schwarz (1996) , Schwarz (1997), we represent the self-dual tensor gauge field by a 5 x 5 antisymmetric tensor B,~, and its 5d curl by Hump = 30 [uB~p] . A useful quantity is the dual (1) It was shown in ref. Schwarz (1997) that a class of generally covariant bosonic theories can be represented in the form L = L1 -t-L2 + L3, where
The notation is as follows: G is the 6d determinant (G = det Gp0) and Gs is the 5d determinant (G~ = det G..), while G 5~ and G sp are components of the inverse 6d metric G ~. The e symbols are purely numerical with e m2a4 = 1 and e "~px~ = -e.~pa~. A useful relation is G5 = GG sa. The z variables are defined to be
The trace only involves 5d indices:
The quantities Zl and z2 are scalars under 5d general coordinate transformations. Infinitesimal parameters of general coordinate transformations are denoted ~ = ((~,~). Since 5d general coordinate invariance is manifest, we focus on the ~ transformations only. The metric transforms in the standard way = + + .
(5)
The variation of B.. is given by a more complicated rule, whose origin is explained in ref. Schwarz (1997) 
Ktu, = 20(L1 + L3) _ K(~ f I + K(~ f 2 + K(~)
-(-as/ 2G (7) (8)
